Several Brasiliano-Pan-African belts consist of large areas of reworked Paleoproterozoic rocks. Characterization of these rocks is needed to place better controls on Precambrian paleogeographic reconstructions. The Borborema Province, northeastern Brazil, occupies a central position in West Gondwana configuration, and knowledge of its geological evolution is crucial to infer relationships between Paleoproterozoic units in South America and Africa. Here, we report UePb ages, major-and trace-elements analyses and SmeNd isotopic data for orthogneisses in the eastern portion of Central Domain. The dominant basement units in the study area are banded gneisses of intermediate composition and relatively juvenile character, and migmatitic gneisses of granitic composition with Archean Nd T DM model ages. One sample of the banded gneiss yielded a weighted 207 Pb/ 206 Pb age of 2096 ± 23 Ma and an upper intercept age of 2044 ± 27 Ma, which we interpret, respectively, as ages of crystallization and metamorphism. Two large units of migmatitic gneiss in the southern and central parts of the area gave ages of, respectively, 2057 ± 20 Ma and 2055 ± 23 Ma; an orthoamphibolite associated with the latter yielded crystallization age of 2042 ± 11 Ma and metamorphic age of 1996 ± 13 Ma. All these rocks have geochemical signatures typical of subduction zone-related magmas. Combined with evidence provided by previous studies, we suggest that the evolution of the study area starts with island arc construction around 2.2 Ga, leading to an expressive volcanic arc edifice by 2.13 e2.10 Ga. By 2.06 Ga, the crust had evolved enough to become intruded by magmas formed at the mantle wedge of the now largely continental magmatic arc, which continued to be intruded by mantle melts until at least 2.04 Ga. An augen gneiss in the northern part of the area, with an age of 2109 ± 15 Ma, and a migmatitic gneiss with a much older age (2183 ± 9 Ma), both of which have geochemical characteristics akin to intraplate magmas, suggest that crustal reworking also took place. The 1981 ± 23 Ma age of a small body of peraluminous felsic gneiss may be related to regional metamorphism and syncollisional magmatism at c. 2.0e1.98 Ga.
Introduction
The occurrence and extent of preexisting crust in orogenic belts has important implications for formulation of models of continental growth as well as for paleogeographic reconstructions. In the Gondwana realm, the presence of large fractions of reworked old continental crust in several Pan-African/Brasiliano belts was inferred long ago from reconnaissance geochronological data and/ or structural/metamorphic characteristics (e.g., Bertrand and Laserre, 1976; Kroner, 1977; Almeida et al., 1981; Cordani et al., 1999) . This assumption is becoming increasingly obvious as the number of precise geochronological data from specific areas accumulates (e.g., Bruguier et al., 1994; Ferr e et al., 1996; Toteu et al., 2001; Njiosseu et al., 2005; Dada, 2008) . Basement of Paleoproterozoic age in the Borborema Province, northeastern Brazil, was firmly established in the early 1990s (Hackspacher et al., 1990; Van Schmus et al., 1995) . In the last decade, there was renewed emphasis on basic geological mapping, which coupled with UePb zircon geochronology show that basement orthogneisses are mostly Paleoproterozoic in age (Neves et al., , 2006 Souza et al., 2007; Arthaud et al., 2008; Santos et al., 2008; Van Schmus et al., 2008 Martins et al., 2009; Hollanda et al., 2011) , although small Archean nuclei also exist (Dantas et al., 2004; Arthaud et al., 2008) . Furthermore, UePb analysis of detrital zircons from metasedimentary sequences show Paleoproterozoic age peaks in several samples (Santos et al., 2004; Neves et al., 2006 Neves et al., , 2009 Van Schmus et al., 2003 Araújo et al., 2012; Guimarães et al., 2012) , indicating that Paleoproterozoic rocks were an important, if not dominant, source for the detritus. Finally, the presence of xenocristic zircons in Brasiliano granitoids and SmeNd model ages much older than their crystallization ages (Ferreira et al., 1998; Fetter et al., 2000; Mariano et al., 2001; Da Silva Filho et al., 2002; Hollanda et al., 2003; Guimarães et al., 2004; Rodrigues and Brito Neves, 2008; Van Schmus et al., 2008 Neves et al., 2008) suggest that Paleoproterozoic rocks occur extensively in the deep crust. All these lines of evidence (Medeiros et al., 2011) of the area outlined in (b) showing the location of the study area.
confirm the Paleoproterozoic, particularly the 2.2e2.0 b.y. time span, as the main period of crust formation and/or preservation in the Borborema Province.
The Borborema Province occupies a crucial position in West Gondwana, occurring between the Amazonian, São Luís and São Francisco-Congo cratons and westwards of the Central African Orogenic Belt (Fig. 1a) . Therefore, establishing correlations between basement rocks is needed in order to place better controls on paleogeographic reconstructions, not only for the Neoproterozoic but also for the Paleoproterozoic. In this contribution, we present new laser ablation multi-collector inductively coupled-mass spectrometry (LA-MC-ICP-MS) UePb zircon ages from orthogneisses in Fig. 2 . Geological framework of the study area highlighting main Paleoproterozoic basement rocks and showing the location of UePb (LA-ICPMS) and SmeNd analyzed samples and from available data. Compiled and modified from , Rodrigues et al. (2010a) , Brasilino et al. (2012) , Lages and Marinho (2012) .
S.P. Neves et al. / Journal of South American Earth Sciences 58 (2015) 165e187 167 the eastern Borborema Province (Fig. 1b and c) . Together with majorand trace elements and SmeNd analyses, these data contribute to a better knowledge of the age and nature of Paleoproterozoic events that affected this area. We discuss the role of mantle and crustal sources for the magmatism, the possible environments of intrusion, the number and ages of metamorphic events, and, in conjunction with existing geochronological and geochemical data, propose a tectonic model for the evolution of the study area.
Geological setting, petrography and previous UePb results
The study area is situated in the eastern portion of the Central Domain, whose limits are the large E-W-striking Patos and Pernambuco transcurrent shear zone systems (Fig. 1c) . It comprises an area of about 12 000 km 2 that was mapped at the 1:100 000 scale (Fig. 2) . In addition to the orthogneisses subject of this contribution (described below), the study area comprises late Paleoproterozoic to early Mesoproterozoic granitic orthogneisses, metagabbros and meta-anorthosites, small gneissic bodies of early Neoproterozoic age, amphibolite-facies metasedimentary rocks, rare granulitic rocks, and several granitic and syenitic plutons intruded during the Brasiliano orogeny. The orthogneissic basement was extensively reworked during this orogeny. A first deformation phase produced a shallowly to moderately dipping foliation shared by orthogneisses and metasedimentary rocks (Neves et al., 2000 (Neves et al., , 2005 . A second main deformation event gave rise to conjugate sets of dextral, E-W-striking and sinistral, NE-SW-striking subvertical mylonitic belts (Neves and Vauchez, 1995; Neves and Mariano, 1999; Archanjo et al., 2008) . According to their field and petrographic characteristics, the Paleoproterozoic orthogneisses in the study area can be classified into four main groups. The first comprises non-migmatitic and dominantly augen gneisses (Fig. 3a) , locally known as São Joãozinho orthogneiss, and is located in the northwestern portion of the area. . It is a biotite-amphibole-bearing gneiss with syenogranitic to monzogranitic composition. The main foliation is defined by stretched quartz that wraps around K-feldspar porphyroclasts. Metamorphism under amphibolite facies conditions is suggested by the association recrystallized K-feldspar þ biotite þ plagioclase þ quartz þ titanite. Rodrigues et al. (2010) obtained a UePb concordia age of 2137 ± 21 Ma for one sample of augen gneiss whereas two samples dated by Santos et al. (2013) The second group of orthogneisses includes migmatized amphibole-biotite-bearing granitic gneisses (Fig. 3b, c, d ). They are dominantly coarse-grained (although augen gneisses also occur) and characterized in several outcrops by magnetite-bearing pinkish leucosomes that may be either parallel to or truncate the main foliation. Centimetric to decimetric amphibolitic layers or rounded to elliptic metagabbroic/amphibolitic enclaves occur frequently associated with this group (Fig. 3e) . Metagabbroanorthosites, metadiorites, orthoamphibolites (Fig.3f ) and massive titanium magnetite ore bodies can also occur locally. In the augen gneisses the fabric is sometimes mylonitic and consists of stretched quartz wrapping around feldspar porphyroclasts. The main mafic phase is amphibole with optical characteristics of hornblende. The paragenesis amphibole þ biotite ± (rare)pyroxene þ recrystallized plagioclase and K-feldspar þ quartz þ titanite þ opaque minerals reflects amphibolite facies conditions. In some samples, a retrometamorphic assemblage is evidenced by destabilization of pyroxene to amphibole with bluish-green pleochroism that is in turn replaced by epidote, and by replacement of plagioclase by epidote, quartz and calcite. Reaction of hornblende þ biotite (first generation) ± plagioclase giving rise to garnet þ biotite (second generation) ± microcline suggests maintenance of high temperature conditions during at least two metamorphic events. Assessment of geochemical data (Section 4) demonstrates that these migmatitic orthogneisses belong to three distinct units. We use the terms Salgadinho and Cabaceiras for orthogneissic complexes occurring, respectively, in the southern and central parts of the study area. Santos et al. (2004) obtained an upper intercept age at 2016 ± 27 Ma (MSWD ¼ 0.6) in a biotite-amphibole bearing granitic orthogneiss that we correlated with this group.
The third group of orthogneisses comprises banded gneisses. They dominate in the southern portion of the study area and are referred to as Vertentes Complex around the homologous city and as Floresta Complex elsewhere. These orthogneisses are characterized by regular, centimetric to decimetric, alternating bands with dioritic (dominant) to granitic compositions (Fig. 3g) . Finegrained mafic layers and migmatized portions with concordant and discordant leucosomes may occur locally. Intercalated metamafic rocks (amphibolites and garnet amphibolites), varying from centimetric/decimetric bands to kilometer-long lenses, are a major characteristic of this unit. In the mafic/intermediate bands, the mineralogical assemblage consists of plagioclase, quartz, K-feldspar, biotite, amphibole, garnet and, occasionally, clinopyroxene. Apatite, titanite, allanite and zircon are accessory minerals. Hypidiomorphic prismatic plagioclase crystals with parallel twins and inclusions indicate igneous protolith. Porphyroblastic garnet tends to engulf plagioclase and amphibole from the matrix, indicating metamorphic origin, and may show retrogression to opaque minerals þ chlorite. One sample dated by S a et al. (2002) provided a discordia with upper intercept age of 1970 ± 30 Ma but with a very large MSWD (30). Neves et al. (2006) dated the mafic and felsic portions of a banded sample. In the mafic band they obtained two groups of ages, averaging 2127 ± 7 Ma and 2044 ± 5 Ma. These results were interpreted as ages of crystallization and metamorphism, respectively. One zircon from the felsic band yielded an age of 625 ± 24 Ma, which was inferred as crystallization age and, therefore, the acquisition of the banded structure during the Brasiliano orogeny. A sample of banded gneiss dated by Brito Neves et al. (2013) gave a crystallization age of 2162 ± 7 Ma. In another sample, a few kilometers to the east of the study area, Brito Neves et al. (2013) report crystallization age of 2110 ± 7 Ma, with metamorphic overgrowth at 1983 ± 20 Ma. Analyses of zircons from two samples of granodioritic composition, relatively more homogeneous, defined discordia lines with upper intercepts of 2103 ± 11 Ma (Neves et al., 2006 ) and 2096 ± 7 Ma (Brito Neves et al., 2013) . Lower intercepts of 619 ± 36 Ma and 588 ± 53 Ma, respectively, in these samples confirm Neoproterozoic superimposed metamorphism.
The fourth group of orthogneisses is subordinate in abundance and comprises equigranular felsic granitic gneisses (Fig. 3h) that, in contrast with the previous groups, do not contain amphibole. Sixteen near concordant analyses of zircon grains from one sample dated by Neves et al. (2006) weighted mean age of 1991 ± 5 Ma, which suggests that this magmatism is the youngest in the studied area.
UePb geochronology and Nd isotopes

Methods
Zircons were separated using conventional techniques. After crushing and sieving of the powdered samples, heavy minerals were concentrated by panning and then by heavy liquids. The heavy mineral concentrates were subsequently processed by magnetic separation on a Frantz separator. The grains were then mounted on adhesive tape and enclosed in epoxy resin. After 1e2 days of drying, the mounts were removed from the tape and polished to about half of their thickness. UePb zircon ages were obtained at the Universidade de Brasília, Brazil, using a Thermo Finningan Neptune multi-collector ICP-MS attached to a New Wave 213 mm Nd-YAG solid state laser. Analytical procedures are detailed by Buhn et al. (2009) . Ages were calculated using the Isoplot program of Ludwig (2000) and quoted with 95% confidence intervals. Errors for single analysis and mean ages are quoted, respectively, at the 1s and 2s levels.
SmeNd analysis followed the method described by Gi oia and Pimentel (2000 
Dated Samples
Seven samples were chosen for this study. Three (SU-497, RS-234 and GL-476) are from the mesosome of migmatitic orthogneisses. SU-497 was collected in the type area of the Salgadinho Complex (35 45'25''W, 7 43'25''S; Fig. 3b ), RS-234 in a quarry near Vila Par a Village, Santa Cruz do Capibaribe town (36 22'06''W, 7 50'47''S; Fig. 3d ), and GL-476 in the Cabaceiras quarry, around Cabaceiras city (36 18'11''W, 7 28'59''S; Fig. 3c ). The fourth sample (RS-423) is from a dark green, fine-to medium-grained, granoblastic orthoamphibolite associated with granitic gneisses of the Cabaceiras unit in the northern part of the area (36 18'45''W, 7 31'43''S; Fig. 3e ). Sample GL-479 is from an augen gneiss in the type area of São Joãozinho orthogneiss, around São Joãozinho village (36 16'30''W, 7 17'01''S; Fig. 3a) . Sample SU-541 is from the mafic band of a banded orthogneiss and was collected at Pedreira do Tito, c. 1.5 km north of the type locality of the Vertentes Complex (35 53'46''W, 7 42'15''S; Fig. 3f ). The last sample (SU-515) is from an equigranular felsic gneiss sampled at coordinates 35 48'38''W, 7 44'39''S. The data obtained in this study are presented in Table 1 and plotted in Concordia diagrams on Figs. 4 and 5. (Fig. 4a) .
3.3.1.2. Sample GL-476 (Cabaceiras unit). Twenty one analyses were obtained from 21 zircon grains. The grains have rounded morphologies and most present internal fractures (Fig. 4b) . Regression of all data gave a discordia with upper intercept at 2055 ± 23 Ma (MSWD ¼ 2.3; Fig. 4b ), which is considered to represent the crystallization age of the protolith. This age is similar to that found in sample SU-497. A core spot (#z09) Pb weighted average age of 2170 ± 70 Ma (MSWD ¼ 0.007), which is in accordance with the upper intercept age. These results indicate that the crystallization age of this orthogneiss is considerably older than that of samples SU-497 and GL-476. Despite the field and petrographic resemblance of this sample to other migmatitic orthogneisses, it differs on geochemical grounds (see Section 4). The lower intercept age corresponds to metamorphism related to the Brasiliano-Pan African event and is constrained by analysis Z08 (Table 1) , which yielded a 206 Pb/ 238 U age of 612 ± 12 Ma and has Th/U ratio less than detection limit (0.00).
Orthoamphibolite (RS-423)
Eleven analyses were accomplished on 11 zircon crystals of sample RS-423. Two groups of zircons with different discordia ages were identified (Fig. 4d) . The first group is formed by larger zircons with oscillatory zoning. Six analyses (Z04, Z06, Z07, Z08, Z09, Z10) that plot close to concordia yielded a discordia with upper intercept at 2042 ± 11 Ma. This age is interpreted as the crystallization age of the protolith in view of the elevated Th/U ratios (>0.3) coupled with low MSWD (0.68). The other group is characterized by smaller elongated zircons with faces well preserved. Five discordant analyses (Z11, Z14, Z16, Z18, Z19) define a discordia with upper intercept at 1996 ± 13 Ma. Th/U ratios lower than 0.1 obtained from four analyses of this group (#Z11,#Z16, #Z18, #Z19) suggest a metamorphic origin.
São Joaozinho augen gneiss (GL-479)
Zircon grains from sample GL-479 are yellowish to colourless, and present well preserved prismatic habit and faces (Fig. 5a ). Twenty one analyses were obtained from 20 grains. The weighted mean 207 Pb/ 206 Pb age of 2100 ± 9.7 Ma obtained in a cluster of nine concordant analyses (less than 5% discordance) and with Th/U ratios greater than 0.1 is taken as the best estimate for the age of crystallization of the protolith. This age is similar to the upper intercept age of 2109 ± 15 Ma (MSWD ¼ 0.66) obtained by regression of all data. Twenty six analyses were conducted of 26 zircon crystals from sample SU-541. Five analyses have discordant ages greater than 10% and are not considered in the following discussion. From the twenty one concordant or slightly discordant ages, eighteen are from grains with Th/U ratios greater than 0.1, among which three distinct age groups may be recognized (Fig. 5b) (Fig. 5b ) and, therefore, the age of 2096 Ma is interpreted as the age of crystallization of the protolith. The third group is formed by ten analyses that align along a discordia line and have an upper intercept age of 2044 ± 27 Ma (Fig. 5b) . In spite of the high MSWD (¼15), this age is considered representative since the most concordant analyses (five grains) gave a weighted average of 2060 ± 14 Ma, which overlap within error with the discordia age. The age of 2044 Ma could be interpreted either as the minimum crystallization age of the protolith or as resulting from metamorphic disturbance. The latter interpretation is favored in view of: (a) the age of 2048 ± 22 Ma obtained in a grain with low Th/U ratio (0.08; #039-Z24) and, therefore, of presumed metamorphic origin; (b) the grains show faint oscillatory zoning and embayments cutting the concentric zoning (Fig. 5b) , suggesting, respectively, homogenization and dissolution during metamorphism.
Analysis 039-Z24 and two grains with low Th/U (#023-Z15 and #029-Z18) define another discordia with an upper intercept of 1986 ± 38 Ma. The significance of this age is uncertain but it may correspond to another metamorphic event (see Discussion).
Felsic gneiss (SU-515)
Twenty nine analyses were conducted on 29 zircons from sample SU-515. Most analyses are discordant. Six analyses from grains with Th/U ratio >0.18 are less than 5% discordant. One of these (analysis #032-Z23) yielded a Pb age of 1981 ± 23 Ma (Fig. 5c ). This age is the preferred estimate for the crystallization of the protolith because the analyzed zircons are euhedral and show well- Fig. 6 . Nd evolution paths versus age for Paleoproterozoic basement rocks from eastern Borborema. developed oscillatory zoning (Fig. 5c) . The upper intercept of the discordia (1930 ± 49 Ma) obtained by regression of all data show large MSWD (11.8) but can be considered with caution to result from lead loss during a metamorphic and/or magmatic event around 1.93 Ga. This interpretation is supported by two analyses ((#031-Z18 and #031-Z22) with low discordance that gave ages of 1929 ± 25 Ma and 1925 ± 22 Ma. In the first, the laser beam shot the core of a partially resorbed grain and, in the latter, a large overgrowth rim (Fig. 5c ).
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SmeNd isotopic data
SmeNd data are presented in Table 2 , including those obtained in the present study and results from the literature, and a ε Nd versus age diagram is shown on Fig. 6 . An age of 2050 Ma was used for the calculation of ε Nd (t) values. In the Cabaceiras Complex, the dated sample GL-476 yielded ε Nd value of À7.92 and Nd T DM model age of 2.74 Ga. Three other samples and previous results also yield negative ε Nd values, with Archean model ages ranging from 2.5 to 3.3 Ga. These results suggest participation of a Meso-to Neoarchean component in the genesis of this complex. Two analyses of the Salgadinho Complex gave similar Nd model ages of c. 2.6 Ga. Sample GL-479 from the São Joãozinho augen gneiss has Nd T DM model age of 3.03 Ga and ε Nd value of À8.43, which suggest derivation from reworked Mesoarchean crust. Banded gneisses of the Vertentes Complex have in general younger model ages than the granitic gneisses, mostly ranging from 2.2 to 2.5 Ga and slightly negative to positive ε Nd values, indicating derivation from more juvenile sources.
Geochemistry
Chemical analyses were performed at Acme Analytical Laboratories Ltd. in Canada. Major elements were determined using inductively coupled plasma-emission spectrometry with a detection limit of 0.01% and precision of ±0.1%. Trace and rare earth elements were analyzed using inductively coupled plasma-mass (Frost et al., 2001 spectrometry (ICP-MS) with detection limits between 0.01 and 0.5 ppm and precision of ±5%. Diagrams displaying the geochemical variability of the studied rocks were constructed using PetroGraph (Petrelli et al., 2005) 
Migmatitic orthogneisses
The SiO 2 contents of samples from the Cabaceiras and Salgadinho units range from 65 to 74 wt.% (Table 3 ; Fig. 7a ). Harker diagrams (not shown) exhibit low dispersion for most elements, indicating that, in spite of migmatization, significant mobility did not occur. The samples are metaluminous to slightly peraluminous (Fig. 7b) and plot in the field of magnesian granites (Fig. 7d) . They follow the calc-alkaline trend in the AFM diagram (Fig. 7c) , with samples of Cabaceiras unit extending closer to the A apex. This feature reflects the higher K 2 O content of the Cabaceiras samples as compared with samples from the Salgadinho Complex, as shown in the K 2 O versus SiO 2 diagram (Fig. 7a) : the first fall in the high-K calc-alkaline field and above this field whereas the latter belong to the medium-K calc-alkaline series.
As far as trace elements are concerned, the Cabaceiras and Salgadinho samples have typical features of calc-alkaline rocks, including high ratios of large ion lithophile elements (LILE) to high field strength elements (HFSE) and negative Nb, P and Ti anomalies (Fig. 8) . The main distinction between the two units is the higher contents of heavy rare earth elements (heavy REEs) and Y in the Salgadinho Complex (Fig. 8) . The Salgadinho samples show moderate fractionation of the REEs, with a rapid decrease from La to Sm and a flattened pattern in the region of the heavy REE. In the Cabaceiras samples the REE patterns exhibit strong fractionation, with (La/Yb) N up to 200. In both cases, Eu negative anomalies are small or negligible. In tectonic discrimination diagrams, the samples plot in the field for volcanic arc granites (Fig. 9) , according with the generally accepted setting for generation of calc-alkaline magmas (e.g., Brown, 1977; Barbarin, 1999; Frost et al., 2001) .
In sparkling contrast with the Salgadinho and Cabaceiras complexes, the 2.18 Ga-old sample RS-234 and another sample of the same unit have high contents of heavy REEs, Y and Nb and low values of Sr and Eu (Table 3 ). These features make that the samples plot on the within-plate field in tectonic discrimination diagrams (Fig. 9) . The samples exhibit chondrite normalized REE patterns characterized by well-marked negative Eu anomalies and a flat pattern from Gd to Lu (Fig. 8) . These characteristics are typical of Atype granites (e.g., Whalen et al., 1987; Eby, 1992; Frost et al., 2001 ).
São Joaozinho augen gneiss
Samples of the São Joaozinho orthogneiss are metaluminous and ferroan (Fig. 7) , and plot in the within plate field in tectonic discrimination diagrams (Fig. 9) . The chondrite normalized REE patterns show La N /Yb N ratio <20, with fractionated LREE and flat HREE patterns, and (Eu/Eu*) N between 0.40 and 0.97 (Fig. 8) . The primitive mantle normalized multielemental diagrams show smaller LILE/HFSE fractionation than the Salgadinho and Cabaceiras units, with smaller negative anomaly of Nb, and stronger depletion in P and Ti and positive peaks in La and Zr. These features are similar to those of A-type granites.
Banded gneisses (Vertentes Complex)
Samples of the Vertentes Complex mainly show silica contents varying from 54 to 66 wt.%. Four samples with SiO 2 ! 70 wt.% probably incorporated a large proportion of the felsic bands, which is difficult to avoid given the generally fine banding. The samples are metaluminous to slightly peraluminous, plot in the high-K calcalkaline field in the K 2 O versus SiO 2 diagram, and follow the calcalkaline trend in the AFM diagram (Fig. 7) . Chondrite normalized REE patterns are moderately to strongly fractionated (La/ Yb) N ¼ 12e48), showing a rapid decrease from La to Sm and a flat profile in the region of the heavy REEs (Fig. 8) . Eu anomalies are generally small, with some samples showing negative anomalies and others positive anomalies. In primitive mantle normalized multielemental diagram (Fig. 8) , the samples are characterized by negative anomalies of Nb, P and Ti. Pearce et al. (1982) . WPG: within-plate granite; ORG: ocean ridge granite; VAG þ Syn-COLG: volcanic arc-and collision-related granites.
Orthoamphibolites
The metamafic rocks associated with the Cabaceiras unit display a narrow range of SiO 2 (46e50 wt.%) and Na 2 O þ K 2 O (1.5e3.5 wt.%) contents (Fig. 10) . They follow the trend of the tholeiitic series in the AFM diagram; show flat REE patterns, with REE contents about ten times chondrite values; and have high LILE and low HFSE as compared with MORB. In tectonic discrimination diagrams, they plot in the island arc field.
Felsic gneiss
A single sample of the felsic gneisss unit was analyzed (Table 3) . It has high silica and total alkalis contents (73.7 and 7.7 wt.%, Boynton (1984) . (e, f) Tectonic discrimination diagrams from (e) Pearce and Cann (1973) and (f) Pearce and Norry (1979) . CAB: calc-alkalic basalt; IAT: island arc tholeiite; MORB: mid-ocean ridge basalt; WPB: within-plate basalt. respectively); exhibits a subtle negative Eu anomaly in the chondrite normalized REE diagram (Fig. 8 e sample SU-515), and projects in the field for fractionated granites in the FeO t /MgO versus Zr þ Nb þ Ce þ Y diagram (Fig. 9a) and in the field of volcanic arc and syncollisional granites in the Nb versus Yb tectonic discrimination diagram (Fig. 9b) .
Discussion
Paleoproterozoic magmatic and metamorphic events
Zircons from the dated samples record c. 200 million years of geological history, during which several magmatic and metamorphic events are recognized. The age of 2.18 Ga of sample RS-234 is amongst the oldest found in the Central Domain, where ages younger than 2.15 Ga are more common (Van Schmus et al., 1995 Neves, 2015 , and references cited in these works). This sample and nearby rocks are indistinguishable on field and petrographic basis from the much younger (c. 2.06 Ga) migmatitic orthogneisses of the Salgadinho and Cabaceiras complexes, which demonstrates the need for systematic geochronological and geochemical work in old gneissic terrains.
By large, the most voluminous magmatism in the study area is represented by the emplacement of the protoliths of the Vertentes, Salgadinho and Cabaceiras complexes. The age of the Vertentes complex obtained in this study (2096 ± 23 Ma) falls within the age range (2162-2093 Ma) reported in previous ones (Neves et al., 2006; Brito Neves et al., 2013) . These data point out to an important magmatic event with duration of c. 70 Ma. Unexpectedly, the São Joaozinho orthogneiss has an age (2109 ± 15 Ma) that also falls within the range of ages available for the Vertentes Complex, despite their field, petrographic and geochemical dissimilarities. This finding implies that rocks with different geochemical characteristics are not necessarily emplaced in different times during the geological evolution of a given region.
The >40 Ma age difference between the Vertentes Complex and the Salgadinho/Cabaceiras complexes could suggest that magmatism was episodic rather than continuous. However, recent studies suggest that zircons formed in intraoceanic magmatic arcs are less prone to preservation than those generated during continental collisions (Hawkesworth et al., 2010; Dhuime et al., 2012; Cawood et al., 2013) , such that this apparent absence of magmatism may be an artefact of the geological record. Another apparent magmatic lull is observed between 2042 ± 11 Ma and 1981 ± 23 Ma, the ages of intrusion of the protoliths, respectively, of the orthoamphibolite and of the felsic gneiss. The latter age is similar within errors to that found (1991 ± 5 Ma) in one sample dated by Neves et al. (2006) , attesting intrusion of magmas with clear crustal affinity c. 1.99e1.98 Ga ago.
A metamorphic event at c. 2.06e2.04 Ga is indicated by the 2060 ± 14 Ma weighted average of five concordant ages and the 2044 ± 27 Ma upper intercept age of sample SU-541. A concordant analysis with an age of 2048 ± 22 Ma in a grain with low Th/U and the presence of faint oscillatory zoning and embayments cutting the concentric zoning in other grains (Fig. 5b) also support postcrystallization origin. The age of 2044 Ma of the upper intercept is identical to the one obtained by Neves et al. (2006) in a batch of analyses from another sample of the Vertentes complex whose zircon grains have similar characteristics, thus reinforcing the existence of this metamorphic event.
Sample SU-541 has three grains (two of which with low Th/U ratio) whose analyses have an upper intercept age of 1986 ± 38 Ma. Similar result (1983 ± 20 Ma) was found by Brito Neves et al. (2013) on zircon overgrowths in one of the samples of the Vertentes Complex studied by them. Analyses of four grains with low Th/U ratio from sample RS-423 yielded an upper intercept age of 1996 ± 13 Ma. These data indicate other metamorphic episode around 2.0e1.98 Ga. This time span coincides with the crystallization ages of felsic gneisses in the study area, showing that magmatism and metamorphism were broadly coeval. The geochemical characteristics of sample SU-515 suggest that these events are probably associated with collision. The occurrence or not of yet another metamorphic event around c. 1.93 Ga, as suggested by some analyses of sample SU-515, requires further investigation. Finally, imprints of Brasilano-age metamorphism is evidenced by the low intercept age of 604 ± 20 Ma from sample RS-234.
Petrogenesis
The dominantly intermediate composition, the metaluminous character, and the relatively high contents of compatible elements (Defant et al., 1991) and (b) (La/Yb) N versus Yb (Martin, 1986) diagrams showing the fields for adakites and TTGs and for calc-alkaline rocks, and the curves for partial melting of mafic sources leaving garnet at the residue.
of the Vertentes Complex require that mafic or ultramafic sources are involved on its genesis. Partial melting of mafic protoliths appears unlikely because most dehydration-melting experiments of metabasalts have produced tonalitic to granitic melts rather than dioritic ones (e.g. Rushmer, 1991; Patiño-Douce e Beard, 1995) . The high contents of LILE also exclude the depleted mantle as a possible source. Partial melting of an enriched mantle seems to be the better option, with the parental magmas evolving through fractional crystallization. The relatively juvenile Nd model ages suggests little or no interaction with preexisting continental crust.
Similarly to the Vertentes Complex, the Salgadinho and Cabaceiras units have relatively high contents of MgO, CaO and FeO, which exclude sedimentary or felsic igneous rocks as possible sources. On the other hand, ultramafic sources are implausible due to the essentially granitic composition. Derivation from mafic/intermediate sources by either partial melting or fractional crystallization is therefore the most likely hypothesis. In the Salgadinho Complex, the absence of both Eu anomalies and concave-up patterns in the region of the heavy REEs indicate limited participation of plagioclase and amphibole on its genesis. The REE patterns are similar to the samples of the Vertentes Complex, being richer in the heavy REE. This resemblance suggests partial melting of, or differentiation from, sources similar in compositions to the Vertentes Complex through retention/fractionation of mineral phases with low bulk distribution coefficients, such as olivine or pyroxene. In contrast, depletion of heavy REEs in the Cabaceiras unit strongly favors garnet and/or amphibole involvement (Fig. 11) , suggesting genesis of the magmas at higher pressures than in the case of the Salgadinho Complex. As a consequence, despite the much higher K 2 O content of the Cabaceiras complex as compared with modern adakites and Archean tonalite-trondhjemite-granodiorite (TTG) suites, the high Sr/Y and (La/Yb) N make the samples to plot in the field for these rocks in the Sr/Y versus Y (Defant et al., 1991) and (La/ Yb) N versus Yb (Martin, 1986 ) diagrams (Fig.11) .
The São Joaozinho orthogneiss has several geochemical affinities with A-type granites, particularly with the metaluminous Atype granites found in the Amazonian Craton (Dall'Agnoll and Oliveira, 2007) . Petrogenetic modelling by Dall"Agnoll et al. (1999) suggested that magmas with these characteristics could have been produced by partial melting of clinopyroxene-bearing quartz diorites.
Tectonic setting, crustal growth and reworking
The geochemistry of the Vertentes, Salgadinho and Cabaceiras complexes is so similar to modern calc-alkaline magmas that generation of the parental magmas in a convergent setting seems to be an inescapable conclusion. The relatively young Nd model age of the Vertentes Complex favors intrusion in an intraoceanic arc rather than in an active continental margin. The presence of older inherited zircons (2.23e2.16 Ga-old) in sample SU-541 could mark the beginning of arc development. In contrast, the Salgadinho and Cabaceiras units, although also displaying subduction-related signature, have essentially granitic composition and slightly peraluminous character, which suggests emplacement in a more evolved setting, probably an active continental margin. The Archean Nd model ages of the Cabaceiras Complex suggest mixing between a juvenile component and an older, crustal, component. Existence of an ancient crustal component is also attested by the Nd model ages of the São Joaozinho orthogneiss and sample RS-234. The island-arc affinity of the orthoamphibolite indicates persistence of a convergent environment until at least 2042 Ma.
If the above inferences are correct, one important point to consider is why rocks with A-type geochemistry are present in a convergent setting. The recent discovery of rifted continental fragments in the Indian Ocean (Torsvik et al., 2013) and the presence of old zircons in juvenile intraoceanic arc terranes (Hargrove et al., 2006) suggest that occurrence of crustal material in oceanic realms may be more common than usually realized. Due to the older age of sample RS-234 (2.18 Ga), it is possible that it belonged to such a fragment that was engulfed by a growing volcanic arc. The age of the São Joaozinho orthogneiss is similar to the age of the Vertentes Complex (c. 2.1 Ga) obtained in this study and poses a different problem. The apparent conundrum of occurrence in the same area of rocks of similar age and different chemical signatures may have several explanations. A-type granites are usually ascribed to intraplate ("anorogenic") settings, but occur in a variety of other settings, the post-collisional one being particularly common (e.g., Jung et al., 1998; Almeida et al., 2002; Bonin, 2007; Li et al., 2014) . A-type granites are also described from convergent settings, such as the Lachlan Fold Belt of Australia (King et al., 1997) , where their inferred high temperature of formation can be related to extension associated with slab breakoff during arcearc collision (Yuan et al., 2010; Li et al., 2014) , back-arc extension (King et al., 1997; Lister and Foster, 2009 ), subduction of ocean ridge segments, or delamination of the lower part of thick volcanic arcs. We therefore ascribe the genesis of the São Joãozinho orthogneiss to local extensional conditions in an otherwise convergent setting.
Geodynamic hypothesis
Our preferred scenario for the evolution of the study area starts with island arc construction around 2.2 Ga, leading to an expressive volcanic arc edifice by 2.13e2.10 Ga (Fig. 12aed) . Strong negative initial ε Nd and Archean Nd model ages for the São Joãozinho orthogneiss and the Cabaceiras Complex indicate that ancient continental material was involved in their genesis. Accordingly, we propose that a microcontinental fragment was assimilated by the growing magmatic arc (Fig. 12 bed) . Production of the parental magmas of the São Joaozinho orthogneiss and of sample RS-234 is attributed to melting of the old crustal component, possibly during periods of back-arc extension associated with slab retreat (Fig. 12c  and f) , thus explaining their affinity with A-type granites.
It is generally agreed that continents acquire a bulk andesitic composition by internal differentiation and foundering of mafic/ ultramafic cumulates (e.g., Kay and Kay, 1993; Jagoutz and Schmidt, 2013; Jagoutz and Behn, 2013) . We propose that the Vertentes Complex resulted from the acting of these processes ( Fig. 12d and e) and that, by 2.06 Ga, the crust had evolved enough to become intruded by magmas formed at the mantle wedge of the now largely continental magmatic arc (Fig. 12g) . Orthogneisses from the Rio Grande do Norte Domain, which outcrop just to the north of the study area (Fig. 1c) , have geochemical characteristics indicating intrusion in a continental arc setting (Souza et al., 2007) and ages older than 2.14 Ga (Hackspacher et al., 1990; Van Schmus et al., 1995; Dantas et la., 2004; Souza et al., 2007; Hollanda et al., 2011) . We therefore speculate that accretion of the evolving oceanic arc to the active continental margin of the Rio Grande do Norte Domain led to cessation of subduction-related magmatic activity in this domain sometime between 2.15 and 2.13 Ga ( Fig. 12d  and e) .
Although not a universal rule (Arculus, 1994) , some arc magmas show a consistent relationship between alkalinity and depth to the Wadati-Benioff zone (e.g., Sakuyama and Nesbitt, 1986 metamorphic imprint observed on zircons of the Vertentes Complex (Fig. 5b) .
The absence of rocks with ages between 2.04 and 2.01 Ga in the study area could have been consequence of continental collision (Fig. 12g) , which halted subduction-related magmatism. As a result of thickening-related heat production, by 2.0e1.98 Ga, regional temperatures had increased enough to allow crustal melting, syncollisional magmatism and metamorphism. These events were responsible for intrusion of the protolith of the felsic gneiss and for the metamorphic imprint observed in zircons of the Vertentes Complex and the orthoamphibolite.
Conclusion
The results of this study in conjunction with previous ones show that both crustal growth and recycling of older continental materials occurred in the eastern Borborema Province. A main period of crustal growth, represented by intrusion of calc-alkaline magmas of intermediate composition, is documented between 2.13 and 2.10 Ga. It was followed by intrusion of more evolved magmas containing variable contributions of older crustal sources at c. 2.06 Ga. Basalts (now orthoamphibolites) with island arc-related geochemistry indicate persistence of subduction zone magmatism until c. 2.04 Ga. Accordingly, a metamorphic event dated at c. 2.06e2.04 Ga is probably related with attainment of high temperature conditions at the deep levels of a thickened arc crust. In contrast, intrusion of felsic magmas coeval with regional metamorphism at 2.0e1.98 Ga probably records crustal thickening associated with continental collision.
